a OPERATIONAL TRAJECTORY DATA REPORT 
Jecember 11, 1970 


GEORGE C. MARSHALL fuenT 
CENTER 


APOLLO 14 (AS-509) OPERATIONAL TRAJECTORY 
FOR JANUARY 31, 1971, LAUNCH WINDOW 


By 


Gerald Wittenstein 
Dewey C. Bell 
Jerry D. Weiler 
C. L. Varnado 


BNV1-15317 
(AZ<CESSION ° UASBER) (THRU) 
(PAGE [ 
IASA CR OR TMX OR AD NUMBER) (CATEGORY) 


TRAJECTORY SECTION 

FLIGHT MECHANICS BRANCH ‘N¢/ 

MISSION PLANNING AND ANALYSIS DIVIST 
AERO-ASTRODYNAMICS LABORATORY 





NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 


MSFC - Form 454 (Rev October 1967) 


GEORGE C. MARSHALL SPACE FLIGHT CENTER 





OPERATIONAL TRAJECTORY DATA REPORT 


December 11, 1970 


APOLLO 14 (AS-509) OPERATIONAL TRAJECTORY 
FOR JANUARY 31, 1971, LAUNCH WINDOW 


By 


Gerald Wittenstein 
Dewey C. Bell 
Jerry D. Weiler 
C. L. Varnado 


TRAJECTORY SECTION 
FLIGHT MECHANICS BRANCH 
MISSION PLANNING AND ANALYSIS DIVISION 
AERO-ASTRODYNAMICS LABORATORY 


APOLLO 14 (AS-509) OPERATIONAL TRAJECTORY 
FOR JANUARY 31, 1971, LAUNCH WINDOW 


By 


Gerald Wittenstein 
Dewey C. Bell 
Jerry D. Weiler 
C. L. Varnado 


George C. Marshall Space Flight Center 


Huntsville, Alabama 


ABS TRACT 


This report presents the predicted launch vehicle o-erational 
trajectory and accompanying data for the Apollo 14, AS-509 mission. 
All data presented are for a January 31, 1971, launch window. 
Detailed trajectory printout is provided for only the pri-ne :zimuth 
of 72.0669 degrees corresponding to a launch time of 20:23 UT 
(15:23 EST). However, pertinent summary data are presented for 
other azimuths in the window. 


Trajectory data are presented for all phases of flight through space- 
craft separation, including data pertaining to the impact of the spent 
stages. A brief discussion of the flight sequence is presex ed in 
addition to a critical event sequence table for the prime u2 -muth. 
Launch vehicle guidance and targeting presettings are included as well 
as predicted performance and mass characteristics. 
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SECTION I: INTRODUCTION 


The Apollo 14, AS-509 flight is the ninth mission of the Saturn V 
vehicle and the seventh manned Saturn V mission. The present 
launch day planned for Apollo 14 is January 31, 1971. The prime 
launeca time for January 31 is 20:23 GMT (15:23 EST) which corres- 
ponds to a flight azimuth of 72.0669 degrees. This launch time 
is the first integral minute after the opening of the January 31 
launch window. 


The launch vehicle trajectory is designe1 to inject the Apollo 14 
spacecraft into a circumlunar trajectory. Complete burns of the 

S-IC and S-II stages and a partial burn of the S-IVB stage place 

the vehicle into a 100 nautical mile parking orbit as measured with 
respect to the equatorial radius. During the second or third revo- 
lution in parking orbit, allowing two opportunities, the S-IVB is 
reignited, placing the launch vehicle onto a translunar orbit. 
Spacecraft separation from the Launch vehicle occurs prior to the 
evasive maneuver approximately one-half hour after translunar injection. 
Post-spacecraft separation operations include a hybrid maneuver by 

the Apollo 14 spacecraft to achieve a low periselenum trajectory, 
deboost into lunar orbit, manned lunar landing, ascent from the lunar 
surface, docking, transearth injection by the CSM, atmospheric reentry, 
and finally splashdown in the Pacific Ocean. 


Post-separation launch vehicle operations include an S-IVB APS burn 
to perform a translational evasive maneuver away from the CSM/LM, 
rotational maneuver to a lunar impact attitude, propellant venting, 
LOX dump, and APS engine burns to achieve a lunar impact of the S-IVB 
stage in the desired impact target area. 


This report presents trajectory and mission-related groundrules and 
constraints, a mission description, - launch vehicle trajectory 
description and data summary, an operational sequence of events, 
vehicle configuration data including weight and rerformance daca, 

a propellant reserves summary, and flight profile cnvelopes. Also 
presented are launch vehicle guidance and targeting pret*ttings 
including the S-IC tilt polynomial, and representative ‘rojectovy 
data for all launch vehicle boost and coast phases of fitght. The 
S-IVB lunar impact trajectory data are not included in “his report 
but will be published in a separate document later this month. 


This analysis has verified that the AS-509 launch vehicle is capable 
of achieving all mission and launch vehicle objectives without viola- 
ting constraints stipulated in the mission implementation criteria. 
Launch vehicle performance reserves were found adequate to meet ail 
mission objectives in the presence of three-sigma dispersions, 
Therefore, response to the guidance and targeting presettings will 
inject the Apollo 14 spacecraft onto the desired translunar trajectory 
under three-sigma conditions. 


The launch vehicle targeting objectives provided by MSC for launch 
on January 31, 1971, and flight to the Fra Mauro landing site are 
consistent with the mission planning concept adopted for this launch 
date--constant time of lunar arrival. Nominal midcourse requirements 
for the targeted azimuths (72, 80, 88, and 96 degrees) are approxi- 
mately 1.0 meter. ‘second. 


An S-IVB post-TLI trajectory is presented in this report. This tra- 
jectory is designated the S-IVB dead stage trajectory and describes 

the flight path the S-IVB dead stage will follow if time base eight 

cannot be initiated by ground command during flight. 


SECTION II: MISSION REQUIREMENTS AND DESCRIPTION 


The Apollo 14, AS-509 mission is an Apollo Lunar Surface Experiment 
Package (ALSEP) lunar landing mission. The primary launch date is 
January 31, 1971, with the landing site being in the Fra Mauro area 
which is a lunar highlands region. 


The primary launch vehicle mi&sion objective requires that the launch 
vehicle inject a manned Apollo command/service module (CSM) and lunar 


module (LM) onto a translunar orbit. The manned space flight primary 
objectives are as follows: 


1. Perform selenological inspection, survey, and sampling in a 
highland area. 


2. Deploy ALSEP consistent with a seismic net. 
3. Nevelop the capability to conduct a mission to a specific site. 
4. Demonstrate the point landing capability. 


5. Develop man's capability to work in the lunar environment. 


Other supporting objectives are given below: 


1. Launch on a flight azimuth between 72 degrees to 96 degree 
east of north. 


2. Insert the S-IVB/IU/SM into a 100 nautical mile circular 
earth parking orbit. 


3. Restart the S-IVB during either the second or third revolution 
in earth parking orbit and inject the S-IVB/IU/CSM on the planned trans- 
lunar conic. 


4. Provide the require. attituaue control ror the S-IVB/IU/CSM 
during the transposition, d:.:king, and ejection (TD&E) maneuver. 


5. Provide the capzbilicy to impact the spent S-IVB/IU on the 
lunax surface at a predetermined position approximately 33° 15' west 
.ongitude and 1° 35' 45.6" south Latitude. 


6. Use the S-IVB APS burn to execute a launch vehicle evasive 
maneuver after ejection of the CSM/LM from the S-IVB/IU. 


7. Venting and dumping of the remaining gases and liquid to 
safe th S-IVB/IU. 


The launch vehicle operational mission consists of the following phases; 


1, Launch and boost to earth parking orbit is accomplished by 
complete burns of the S-IC and S-II stages and a partial burn of the 
S-IVB stage. 


2. Coast for approximately two to three revolutions in a circular 
100 nautical mile earth parking orbit. 


3. The second burn of the S-IVB stage from earth parking orbit 
to translunar injeccion. 


4. Command and service module separation, transposition, and 
docking with the lunar module and CSM/LM ejection from S-IVB/IU 
during post-TLI coast. 


5. S-IVB evasive maneuver to reduce the probability of recontact 
with the CSM/LM. 


6. S-IVB dumping, venting, and APS burn operation after the 
evasive maneuver to cause the S-IVB/IU to impact the moon. 


Mission objectives and requirements were obtcined from Reference 2, 


Figure 1 presents a graphic representation of the overall mission from 
lift-off to earth return. 


The Apollo 14 AS-509 vehicle is scheduled to be launched on January 31, 
1971, from Pad 39A of the Keunedy Space Center. Lift-off occurs at 
3:23 EST which preuces a flight azimuth of 72.0669 degrees. This time 
corresponds to the first integral minute after the opening of the 
January 31, 1971, launch window. 


For launch in accordance with the Janu-ry 3) launch window, translunar 
injection occurs approximately -18,66 degrees south latitude and 150.82 
degrees east longitude. 


The translunar injection boost is targeted for high periselenum free- 
return targeting consistent with the hybrid lunar landing mission profile. 


The tree-return trajectory periselenum altitudes will vary from 
approximately 2029 nautical miles for 72 degrees first opportunity 
to 1075 nautical miles for 96 degrees for a second opportunity case. 


The operational trajectory groundtrack through TLI is presented in 
Figure ? for 2 .aunch along a 72.0669 degree launch azimuth for 
first opportunity. 


Significant trujectory events and event times are presented in the 
critical events sequence given in Table 1. Flight times shown in 
this table are for a launch along a 72.0665 degree launch azimuth. 
However, events referenced to < time base are applicable with respect 
to that time base for all launch azimuths. A summary of trajectory 
parameters and az‘muth dependent critical events is presented in 
Tables 2 through 12. 
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WINDOW OPENS: 20:22:04:35 GMT JANUARY 31, 1971, AZIMUTH LAUNCH WINDOW 
PRIMARY LAUNCH TIME 20:23 AZiMUTH 72:067 


Figure 2 TIME OF GUIDANCE REFERENCE RELEASE (GRR) AFTER THE OPENING OF 
THE LAUNCH WINDOW ~ SEC 
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SECTION III: TRAJECTORY DESCRIPTION 


the simulated AS-509 vehicle is launched from Pad 39A of the Kennedy 
Space Center. The launch (lift-off) azimuth is 90 degrees, while the 
flight azimuth may vary from 72 to 96 degrees. The actual vehicle 
flight azimuth is computed just prior to launch from a launch day 
dependent polynomial of launch azimuth as a function of launch time. 
The primary launch azimuth for January 31, 1971, is 72.0669 degrees. 


A brief description of each phase of the trajectory is presented in 
the following paragraphs. 


A. S-IC Boost Phase 


At approximately 17.25 seconds prior to ignition, guidance reference 
release (GRR) occurs. At this time the LVDC performs the necessary 
calculations for tne correct flight azimuth. At time zero first motion 
occurs and the eight holddown arms are released. Lift-off (time base 1) 
occurs 0.40 of a second after first motion. Following lift-off the 
vehicle rises vertically from the pad for approximately 138 meters. 
During this period a yaw maneuver is initiated to provide tower clearance 
in the event of adverse wind conditions or engine failure. After the 
launch vehicle has cleared the tower the pitch and roll programs are 
initiated. The roll maneuver aligns the vehicle body axis with the 
computed flight azimuth. Except for initial tower clearance and the 
roll to the proper flight azimuth, both yaw and roll guidance commands 
are zero during first stage flight. 


Guidance during the S-IC burn consists of a pre-progranmed pitch 
profile that is a function of time. The desired pitch commands are 
computed from a fourth-degree time polynomial obtained from a least- 
Square curve fit of the nominal baseline CHI pitch versus time trajectory. 
The design criterion for the pitch profile is to maximize weight into 
parking orbit subject to vehicle performance, heating, and load require- 
ments. The AS-509 S-IC tilt profile was generated for mean November 
through April winds. An average February/March 50-percentile wind was 
used in the nominal trajectory simulation for the January 31, 1971, launch 
window. At specified times in the first stage burn, different segments of 
the polynomial will be entered. 


The first segment of the polynomial is entered after tower 
clearance or 13 seconds from first motion, whichever occurs first. 
At 20 seconds from time base 1, the S-IC F-1 engines are canted 
radially outward. Following S-IC cant the second segment of the 
pitch polynomial is entered at TBl + 34.2 seconds. After entering 
the third segment of the pitch polynomial (TB1 + 66.6 seconds), the 
vehicle exceeds the speed of sound with Mach one occurring at 62.0 
seconds from first motion. Maximum dynamic pressure is encountered 
at approximately TB1l + 85.0 seconds. 


The final segment of the polynomial! is entered at TB1 + 97.2 
seconds and extends until tilt arrest. During this period control 
gain cnanges occur at 105 .nmd 130 seconds from TBl in order to insure 
the dynamic stability of the launch vehicle. At TBl -+ 134.6 seconds 
the S-IC inboard engine cutoff signal is given so as to limit the 
vehicle maximum longitudinal acceleration to 4 g's. Approximately 
50 milliseconds later, TB2 is set at 135.1 seconds from first motion. 
At TB1 + 162.6 seconds tilt arrest occurs. The pitch attitudes are 
frozen in order to dampen out pitch rates prior to S-IC/S-II separation. 
The pitch attitude remains constant until the initiation of the 
Iterative Guidance Mode (IGM) during S-II stage flight. 


At TB1 + 164.4 seconds, the S-IC outboard engine cutoff command is 
initiated by propellant depletion sensors. Nominally, cutoff is initiated 
by LOX-depletion sensors. Time base 3 initiation occurs 0.1 of a second 
after cutoff command. 


S-II ullage rocket ignition is commanded 0.5 of a second after out- 
board engine cutoff. S-IC retrorocket ignition and structure severance 
are commanded 0.2 of a second later. At TB3 + 0.77 of a second, separa- 
tion is assumed to be complete. The spent S-IC stage during nominal 
boost to earth parking orbit impacts in the Atlantic Ocean approximately 
30.19 degrees north latitude and -74.15 degrees east longitude. A 
summary of S-IC and S-II impact positions is given in Table 4. 


B. S-II Boost Phase 


As the four S-IC retrorockets are pushing the S-IC stage away from 
the S-II stage, the four S-II ullage rockets give the vehicle a positive 
acceleration to help maintain propeilant seating and separation distance 
between the S-IC and S-II stage is increased. The S-II stage ullage 
rockets have a nominal burn duration of 4.5 seconds, which ends just 
past S-II mainstage. During the period from time base 3 (TB3) to 
mainstage, the S-II engine start sequence is initiated (TB3 + 1.4 seconds) 
which leads to S-II ignition at 167.2 seconds from first motion. The S-II 
J-2 engines nominally require two seconds from ignition to build up to 
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mainstage (approximately 90% thrust). The S-II J-2 engines ignite 
with the propellant utilization (PU) valve at the 4.8 setting; then 
at TB3 + 6.9 the S-II PU valve is commanded to the 5.5 mixture ratio 
setting. An open loop two-position PU valve is employed throughout 
the S-II burn. 


The S-II stage pitch and yaw steering commands are generated by 
a closed loop implementation of the iterative guidance mode (IGM). 
This scheme essentia'ly surveys the current state parameters, compares 
these with the desired terminal conditions, and knowing what performance 
to expect curing the remaining portion of flight then applies a simpli- 
fication of the variational calculus steering law. Terminal accuracy 
is attained through the frequent iteration of this procedure. Significant 
perturbation can be tolerated by IGM provided the basic assumptions of 
constant thrust and specific impulse are not significantly violated. 


IGM is initialized at TB3 + 40.6 seconds (i.e., the guidance loop 
is closed). Prior to this time the guidance commands have been frozen 
to inertial values that were present at S-IC tilt arrest. IGM is 
delayed due to the order of several weight drop events occurring over 
this period. The first event to occur is the S-IC/S-II large interstage 
drop (S-II second plane separation) at TB3 + 30.7 seconds, and then 
approximately 5.7 seconds later the launch escape tower (LET) is jettisoned 
on signal from the crew. By employing IGM after these events, the intro 
duction of discontinuous F/M changes to the guidance system is avoided. 


The pitch and yaw steering misalignment correction (SMC) term is 
initialized 20 seconds after the beginning of IGM. The SM is utilized 
to determine the total thrust misalignment caused by certain vehicle 
system errors such as engine alignment to*erances, thrust vector devia- 
tions (from engine center line), stage-to-stage alignment uncertainties, 
and center of gravity offsets. 


For approximately the next 240 seconds, as the vehicle continues to 
gain velocity and altitude, no major events occur until S-II center engine 
cutoff. The center engine cutoff command is sent by a signal from the 
switch selector at a fixed time (TB3 + 299.0 seconds). This event time 
has been pre-determined such that structural vibration effects are mini- 
mized. Also during this period there are two control gain switch points, 
TB3 + 61.4 seconds and TB3 + 191.4 seconds. After the center engine is 
out, several IGM values are adjusted and updated to account for a different 
F/M history. The reason for this being that S-II center engine cutoff is 
treated as an engine failure by the guidance system; however, guidance 
presettings are derived to minimize discontinuities. 
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As mentioned earlier, the PU system performs in an open loop 
configuration and operates at a 5.5 setting (i.e., the ratio cf 
the mass flow rate of LOX is 5.5 parts of LOX to 1 part of LH2) 
from mainstage thrust to mainstage + 305 seconds. At this time, 
a specified pre-determined characteristic velocity is nominally 
achieved which triggers the IGM to begin what is known as the seccnd 
phase of IGM. The operation of the guidance system is pre-planned 
here. In turn, the IGM sends a command through the switch selector 
to change the PU valve such that a mixture ratio of 4.8 is obtained. 
The S-=II operates at this MR setting for the remainder of the S-II 
burn. The philosophy of using different mixture ratio settings is 
to operate the S-II stage at its maximum acceleration capability 
(maximum thrust) during the period of higher gravity losses, shifting 
to a more efficient power level once the velocity direction is rela- 
tively flat and the correspondiag gravity loss rate is lower. 


The S-II stage J-2 outboard engines are cut off simultaneously 
after a timer expiration by a signal from any two of the five 
propellant depletion sensors located in the LH2 anc LOX tanks. 

The LH2 circuit has a 2.3 second timer, and the LOX has a 1.85 
second delay. The cutoff command for AS-509 S-II stage is predicted 
to occur 556.66 seconds from first motion. 


Time base 4 (TB4) begins 0.01 of a second after S-II outboard 
engine cutoff command. At TB4 + 0.9 of a second, the signal to 
ignite the S-IVB ullage rocket motor is given. The ullage rocket 
motors will impart a forward acceleration to help maintain S-IVB 
propellant positioning. 


The S-II/S-IVB separation signal is given at TB4 + 1.0 second. 
The separation command initiates the firing of the separation devices 
and the four 34860-pound thrust retrorockets. The retrorocket pro- 
duces a retarding force to the S-II stage during separation which 
prevents S-II/S-IVB interaction. S-II/S-IVB physical separation 
occurs 0.1 of a second later; this corresponds nominally to a flight 
time of 557.7 seconds from first motion. For the prime azimuth the 
S-II stage impacts in the Atlantic Ocean at approximately 31.24 degrees 
north latitude and -32.84 degrees east longitude. 


C.  S-IVB First Burn 

Following S-II/S-IVB separation, the S-IVB engine start sequence 
is initiated at TB4 + 1.1 seconds. Start sequence requires three 
seconds to complete and culminates with S-IVB ignition at TB4 + 4.1 
seconds. Buildup to meinstage (approximately 90% thrust) is nominally 
achieved 2.5 seconds later at TB4 + 6.5 seconds. The ullage rockets, 
which were ignited prior to separation, are decayed at TB4 + 8.5 
seconds and jettisoned 4.3 seconds later. 


Once the vehicle has achieved mainstage, the attitude freeze 
restrictions employed at S-II outboard cutoff are removed. This 
is done at TB4 + 8.2 seconds, and Phase 3 of the Iterative Guidance 
Mode (IGM) is enabled, This activity determines the corrections 
needed to steer the vehicle to the pre-determined position and velocity 
at earth parking orbit insertion (EPOI). The S-IYB stage PU system 
operatey in a two-position, open-loop configuration during boost flight. 
The a simate S-IVB LOX/LH2 flow rate mixture ratio used during the 
S-IVB . st burn is 5.0. 


Approximately 6.9 seconds after IGM has been re-initiated, pitch 
and yaw steering misalignment correction (SMC) terms are re-initialized 
to compensate for any errors due to engine thrust misalignments. 


As the terminal conditions are approached, the guidance system 
becomes more sensitive to perturbations in the desired flight path. 
Since it may not be practical to completely eliminate all these 
perturbations (i.e., fuelslosh), another alternative is to relieve 
the constraints placed on the terminal conditions. This relief is 
supplied approximately 35 seconds prior to cutoff by decreasing the 
altitude accuracy constraints. The approach is feasible since the 
desired altitude has already been reached and the trajectory constraints 
are more stringent for path angle and velocity. 


Approximately 8 seconds prior to cutoff (TB4 + 138.3 seconds) the 
attitude rates are again zeroed out, so the vehicle will be in a stable 
attitude at cutoff. Approximately 700 seconds after first motion the 
desired terminal conditions have been reached, and the command is issued 
for engine cutoff. Time base 5 (TB5) is set 0.25 of a second later, and 
thrust decay ends 1.85 seconds after cutoff. 


Immediately after cutoff (TB5 + 0.3 of a second) the S~IVB APS ullage 
engines are ignited. Each of these two engines provides a 72-pound thrust 
to the stage to maintain propellant seating. They will continue to burn 
for approximately 87 seconds overlapping by 32 seconds the initiation of 
the LH2 continuous vent. 
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Earth parking orbit insertion (EPOI) into a circular 100-nautical 
mile orbit occurs, by definition, 10 seconds after S-IVB cutoff ‘T™5 + 
9.75). The Launch Vehicle Digital Computer (LVDC) continues te sample 
accelerometer data until TB5 + 100 seconds. At this time, orbital 
navigation is initiated and the LVDC updates the position and velocity 
components in accordance with mathematical models developed prior to 
the flight. 


D. Coast in Earth Parking Orbit 


During earth parking orbit coast, attitude control is maintained 
at local horizontal through the use of the reaction control auxiliary 
propulsion system, The only longitudinal thrusting occurring during 
this period is a result of the propulsive hydrogen venting of the 
continuous venting system (CVS). The predicted CVS thrust for the 
AS-509 mission is shown in Figure 61 and is based upon observed data 
from previous missions. 


Since the accelerations produced by the CVS are extremely smati, 
the accelerometers are not used by the guidance computer to calculate 
positions and velocities during this phase of flight. Instead, a 
preset model of the venting accelerations is used by the flight computer 
in ordec to determine the trajectory of the vehicle. The vent accele- 
ration model being used for the AS-509 mission is presented in Table 18. 


When *+%e position of the iaunch vehicle satisfies certain geometrical 
constraints defined by the translunar injection (TLI) targeting preset- 
tiiys, time base 6 is set by the flight computer signaling the beginning 
of restart preparations. A detailed explanation of the geometrical 
constraints is given in Reference 20, 


E. S-IVB Second Burn (Trans lunar Injection) 


The restart preparations are initiated with the ignition of the 
helium heater (02/H2 burner) at 42 seconds into time base 6. The CVS 
is closed 0.2 of a second later. At 496.3 seconds after time base 6 
initiation, the APS ullage motors are started in order to further seat 
the S-IVB propellauts prior to mainstage ignition. Following the APS 
ullage motor ignition, the helium heater is cut off at time base 6 plus 
4$9.8 seconds. At 570 seconds into time base 6, the engine start command 
is issued and J-? fuel lead begins marking the init “ation of the J-2 
restart sequence. The APS ullage motors are cut off 3.0 seconds later, 
followed by J-2 -ngine ign‘tion at 8.0 seconds after J-2 fuel lead initiation 
Mainstage thrust (approximately 90% thrust) occurs nominally 2.5 seconds 
after engine ignition. 
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The translunar injection boost IGM is initiated at apprcximately 
4 scecouds after mainstage thrust is achieved. Then some 11.5 seconds 
later, steering misalignment correction calculations are begun to 
compensate for any errors due to engine thrust misalignment. 


A propellant mixture ratio shift occurs 135 seconds after the 
nominal time of mainstage thrust during a first opportunity TLI burn. 
The LOX/LH2 flow rate mixture ratio is approximately 4.5:1 prior to 
the shift and 5.0:1 after the shift. The mixture ratio shift ends 
the fourth phase of IGM and signifies -he begirning of an artificial 
tau mode which lasts for 30 seconds. The second opportunity S-IVB 
burn does not have a mixture ratio shift, and the full boost duration 
occurs at a flow rate mixture ratio of approximately 5.0:1. There is, 
however, a snort artificial tau mode of i second duration at the ini- 
tiation of IGM followed immediately by the initiation of IC: Phase 5. 


When the computed time to go in the fifth phase of IGM becomes 

< 30 seconds, the X terminal steering guidance mode is entered ée-d 
calculations of IGM end conditiu.:s are terminated, thereby avoic.ng 
any large guidance commands in the region of guidance cutoff. The 
high speed loop is entered approximately 3 seconds prior to cutoff. 
Then, when the terminal conditions are achieved, guidance cutoff signal 
is issued followed by time base 7 initiation 0.21 of a second later. 
LH2 continuous venting begins at TB7 + 0.5 of a second foliowed by 
raunslunar injection (TLI) which is defined as 10 seconds from the 

time of guidance cutoff signal. 


F. Post-Translunar Injection 


Following translunar injection, the LH2 continucus vent (CVS) remains 
on until TB7 + 150.9 seconds. The attitude of the vehicle ‘s frozen 
inertially from guidance cutoff signal until TB7 + 150.9 s¢ 4g at which 
time the orpital guidance and navigation modes are entered. fhe attitude 
is then commanded to local horizontal. The CVS is turned cff at this 
time also. 


At 1B7 + Suu seconds i‘:e vehicle is commandc?¢ to transposition, 
docking, and extraction (TD&E) attitude. The simulated CSM separation 
occurs at TB7 + 1500 seconds with CSM/LM ejection occurring 3°80 seconds 
late. Following CSM/LM ejection, the _-IVB/IU maneuver to the evasive 
maneuver attitude and the setting of time base 8 (TB8) are initia.cu ty 
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ground command. During TB8 a combinatior of switch selector-commanded 
and ground-commanded thrust operativns are usec to alter the S IVvB/IU 
trajectory so that the S-IVB/IU will impact the moon. 


The following thrust operations alter the traject: ry: 
1. LH2 tank CVS venting. 

2. LOX tank dumping. 

3. APS vllage tutor burn. 


The first two operations reduce the trajectory periselenum altitude 
such that a lunar impact will occur after the completion of the LOX 
dump. The APS burn is used te provide impact at the desired lunar impact 
site of approximately 33° 15" west longitude and 1° 35' 45.6" south 
latitude. The detailed pos -TLI launch vehicle operations that result 
in S-IVB,; IU lunar impact will be presented in a later document. 


Table B-2 presents the S-IVb trajectory ("dead stage") which results 
if the time base 8 operations mentioned above cannot be initiated. The 
trajeccvry is for a launch along a 72.0669-degree launch azimuth. The 
"dead stage" S-IVB/IU trajectory is the trajectory that results from 
simulating the launch vehicle response to the TLI boost guidance and 
targeting presettings. This trajectory is the one from which midcourse 
correction (MCC) requirement. are evaluated to det: -ine the validity 
of the targeting presettings and the vehicle's respu..se to tnem. This 
trajectory is also a good approximation of the spacecraft trajectory 
prior to the hybrid maneuver MCC made at TLI + 28 hours. 


MCC veloéity requirements are obtained by establishing the velocity 
increment that must be applied to the S-IVB "dead stage" trajectory to 
cause it to satisfy the targe*-objective arrival conditions at perisel. num 
and at free-return perigee. MCC velocity requirements at TLI + 9 hours 
are presented in Table 13 for launch on January 31, 1971. 
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SECTION IV: PROPULSION AND MASS CHARACTERISTICS 


Propulsion characteristics used in this analysis for the S-IC, S-II, 
and S-IVB stages were obtained from References 15 and 21. Total 
mainstage thrust profiles for these stages are presented in Figures 50 
through 54. Specific propulsion parameters that are necessary for 
stage performance comparisons are presented in Table 14. 


Thrust histories during S-IC/S-II and S-II/S-IVB staging events are 
presented in Figures 55 and 56. The data of these figures provide 

a composite history of mainstage thrust decay, ullage thrust, and 
mainstage thrust buildup. Thrust histories fcr first and second burn 
S-IVB thrust decay, the S-IVB restart sequence, and S-IVB thrust buildup 
after reignition are presented in Figures 57 through 60. 


AS-509 launch vehicle mass characteristics were simulated using data 


contained in Reference 14. The simulated mass history at key events 
during the mission is presented in Table 16. 
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SECTION VI: GUIDANCE PRESETTINGS 


Except for initial tower clearance and the roll to the proper flight 
azimuth, both yaw and roll guidance commands are zero during first 
stage flight. The Saturn V launch vehicle utilizes a fourth-order, 
four-segment polynomial for the guidance commands (only pitch plane) 
during the S-IC stage. The general form of the polynomial is as 
follows: 


2 3 4 
Xp = Ay + A,t + Ayt + At tat 
where the Aj are the coefficients determined from a least-square 
curve fit to the design chi pitch history and t is the time from 
time base l, 


The tilt polynomial is designed for a 72-degree flight azimuth and 
optimized for a 100-nautical mile earth parking orbit. The poly- 
nomial was generated for a mean November through April wind. An 
average February March 50-percer.tile wind is used in nominal tra- 
jectory simulations for the January 31, 1971, launch. The tilt 
polynomial is designed to minimize the angle of attack during the 
high dynamic pressure region and also during S-IC/S-II separation. 
Table 19 gives the minor-loop pitch attitude commands resulting 
from the use of this polynonial. 


During the S-II and S-IVB phases of flight, the Saturn V launch vehicle 
employs a scheme known as the iterative guidance mode (IGM) to generate 
the guidance commands (both pitch and yaw). This scheme requires pre- 
settings to establish the desired mission, provide information on the 
launch vehicle characteristics, and initialize various internal parameters 
and logic variables. 


The presettings required are grouped into three phases: 

1. Guidance presettings for boost to earth parking orbit. 

2. Guidance presettings for translunar injection boost. 

3. Targeting presettings' octal cards. 
The boost to earth parking orbit and translunar injection boost pre- 
settings are derived using the latest trajectory characteristics that 
are available. These presettings are designed to obtain the maximum 
performance and minimize discontinuities in the guidance commands. 


The BIG, TLI boost presettings, and octal card listing are given in 
Tables 18 and 20. 
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TABLE 19 


MINOR LCOP CHI COMMANDS 


TIME FROM 
TIME BASE 1 


12.6 
13.6 
14.6 
15.6 
16.6 
17.6 
18.6 
19.6 
20.6 
21.6 
22.6 
23.6 
24.6 
25 .6 
26.6 
27.6 
28 .6 
29 .6 
30.6 
31.6 
32.6 
33.6 
34.6 
35 .6 
36.6 
37.6 
38.6 
39.6 
40.6 


222 


MINOR LOOP 


CHI (DEG 


- .6654 

~ 8458 

-.9576 

-1.0994 
-1.2688 
-3.4635 
-1.6815 
-1.9209 
@-2.1797 
-2.4583 
-2.7530 
-3.0625 
-3.3857 
-3.7214 
~4 .0688 
4.4272 
4.7971 
5.1762 
-5 .5661 
-5 .9648 
-6.3730 
~6.7909 
-7.2187 
-7.6624 
-8.1224 
@8 5974 
-9 .0863 
9.5879 
10.1011 


FABLE 19° (Continued) 


3 


TIME FROM MINOR LOOP 
TIME BASE 1 CHI (DEG) 
41.6 -10.6249 
42.6 -11.1594 
43.6 -11.7024 
44.6 “12.2529 
45.6 -12.8104 
46.6 -13.3739 
47.6 -13 .9428 
48.7 -14.5165 
49 .6 -15 .0942 
30.6 -15 .6756 
51.6 -16.2597 
52.6 -16.8462 
53.6 -17 .4348 
54.6 -18 .0249 
55.6 -18.6163 
56.6 -19.2088 
57.6 -19 .8020 
58 .6 -20.3959 
39.6 ~20.9903 
60.6 -21.5851 
61.6 - 22.1803 
62.6 -22.7760 
3.6 -23.3724 
64 .6 -23 964 
65.6 -24 .5674 
66 .6 -25 .1666 
67.6 -25.7778 
68.6 - 26.3812 
69.6 ~. +.9666 
70.6 - 27.5388 
71.6 -28.1042 
72.6 -28.6675 


Table 19 (Continued ) 


224 


TIME FROM MINOR LOOP 
TIME BASE 1 CHI (DEG) 
73.6 ~29 .2325 
74.6 -29 .8027 
75.6 -30.3815 
76.6 -30.9713 
77.6 -31.5761 
78.6 -32.1963 
79.6 -32.8330 
80.6 -33.4873 
81.6 34.1594 
82.6 -34 .8492 
83.6 -35 .5562 
84.6 36.2812 
§5 .6 -37 .0208 
86 .6 -37.7731 
87.u -38 .5356 
88 .6 -39 3055 
89 .6 -40.0797 
90.6 -40.8545 
91.6 ~41.6249 
92.6 -42 3860 
93.6 -43.1330 
94 .6 -43.8602 
95 .6 44.5617 
96.6 -45.2311 
97.6 -45 .8614 
98 .6 -46 .4209 
99 .6 -46 .9685 
100.6 “47.5042 
101.6 -48 .0286 
102.6 -48 .5418 


TABLE 19 (Continued) 
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TIME FROM MINOR LOOP 
TIME BASE 1 CHI (DEG) 
103 .6 “49. 44 
104 .6 -49 .5365 
105 .6 -50.0174 
106 .6 -50.4885 
107 .6 -30.9502 
108 .6 -51.4028 
109 .6 -31.8465 
110.6 -52.2816 
111.6 ~52. 7084 
112.6 -53.1263 
113.6 -53.5365 
114.6 -53.9393 
115.6 -54.3348 
116.6 “54.7234 
117.6 “55.1053 
118.6 -55 .4807 
119.6 55.8492 
120.6 56.2117 
121.6 -56.5684 
122.6 -36.9196 
123.6 -57.2655 
124 .6 -57.6061 
125 .6 -57.9419 
126.6 “58.2724 
127.6 38.5983 
128 .6 -38.9198 
129.6 59.2372 
130.6 @59 .5505 
131.6 @59.8599 
132.6 ~60.1656 
133.6 ~60.4673 


TABLE 19 (Continued) 
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TIME FROM MINOR LOOP 

TIME BASE 1 CHI (DEG) 
134.6 ~60.7656 
135.6 ~61.0607 
136 .6 ~61.3526 
137.6 ~61.6414 
138.6 ~51.9274 
139 .6 ~62.2105 
140.6 ~62.4906 
141.6 ~62.7682 
142.6 -63.0433 
143.6 -63.3159 
144.6 -~ 63.5863 
145 .6 -63.8544 
146 .6 ~64.1204 
147 .6 ~64.3839 
148 .6 - 64.6455 
149 .6 -64.9051 
150.6 ~65 .1627 
151.6 ~65 4184 
152.6 ~65.6722 
153.6 65.9242 
154.6 ~66.1741 
155.6 -66 .4222 
156 .6 ~66 .6686 
157.6 -66.9131 
158.6 -67.1558 
159.6 ~67.3967 
160.6 67.6358 
141.6 ~67..8729 
162.6 68.0496 





000 | 26 
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TABLE 20 AS-509 H=2 MISSION OCTAL PRESET CARD LISTINGS 
FOR THE JAN LAUNCH wINDOy. 

ADD VALUE VALUE FACTOR DATE 
OCTAL OCTAL NAME DECIMAL SCALE VEHICLE LAUNCH 
AS=509 31 JAN 71 30 
015200146 314630 A20 4eVVUIUID]=ul YU AS=509 31 JAN 71 
015201063146 314 AZS 2e0V0U0U00D=01 UY AS#509 31 JAN 71 
015202771253259 THTEO —266036610D-02 vu AS=509 31 JAN Tl 
019520 3U0700UN0QN9 PAD JeOJUYVUID VO UV AS#509 31 JAN 71 
01562100900932506 OVBRA 3¢633U000D 0014 AS=5909 31 JAN 71 
015211000032506 DOVBRB 36¢33U020D 9014 AS=509 321 JAN Tl 
015212024226672 FA 70927600002 0 AS=599 31 JAN 7h 
015212023770326 FR 7¢806707D=02 U AS=509 31 JAN 7] 
015214904304950 TAUZRA 566109000 9215 AS=5909 31 JAY 71 
015215095404000 TAUBRS 760590090 0215 AS=509 312i JAN 71 
015220024226 362 ALFTSA 70927304D-C2 0 AS=509 31 JAN 71 
015221024223424 \LFTSB 7-9250660—02 Y AS=509 31 JAN 71 
015222310261242 RNA 60564943) 0623 AS=509 31 JAN 71 
015223310341524 RNB 635680430 0623 AS=509 31 JAN 71 
015230066V62700 TSTA 6692472U0 0315 AS=509 31 JAN 71 
015231137454549 TSTB 162235170 0415 AS=509 31 JAN 7) 
015232252525252 OPIT1 6206666670D-01 9 AS=509 31 JAN 71 
01523370 7VU7071U DYAWL —-20222222D-01 0 AS“509 31 JAN 71 
015234377777776 DROLL1 96999999D=01 VU AS=509 31 JAN 71 
015235 OPIT2 NOT AVAILABLE AS=509 31 JAN 71 
015236 DYAW2 NOT AVAILABLE AS#=509 31 JAN 7] 
015237 DROLL2 NO: AVAILABLE AS=5539 31 JAN 71 
0152400291714000 T3PRA 2043UJG0D 0215 AS=509 31 JAN 71 
015241002474009 T3PRB 3¢35uU000D C215 AS=509 31 JAN 71 
01525009)0000U) Tol 020 15 AS=509 31 JAN 71 
015251226526374 TD2 12109362C 0415 AS=509 31 SAN 71 
015252153301374 TO3 10374437D 40415 AS=509 31 JAN 71 
015260126526374 TSol 126109362D 9415 AS=509 31 JAN 71 
0152610245530u9 TSD2 2206507590 0315 AS—509 31 JAN 71 
0152620009000. 7) TSD3 009 15 AS~509 31 JAN 71 
015377 CKS15 NOT AVATLABLE AS#=509 31 JAN 71 
01600, O0DU000NU65 TPAO Oe 15 AS=509 31 ‘AN 71 
016°91053714249 TPA1 5e619C79D V315 AS=509 31 JAN 72 
016002124:145516 TPA2 1e077741D 0415 AS=509 31 JAN 71 
016003153201374 TPA 103744370 0415 AS=-509 31 JaN 71 
016004609CVU0005u TPAS 1.9% 15 AS#509 31 JAN 71 
0160050C00G6U0'19 TPAS 00 15 AS=509 31 JAN 71 
016006009S009UN5 TPAG6 O06 15 AS=509 31 JAN 71 
01609 7TyQU0IJUU0I TPAT Oed 15 AS#5°9 31 JAN 71 
01601lVVUI0NGN0) TPAB = Oe 45 AS@=509 «1 JAN 71 
91601109000 9029 TPAY 009 15 AS=+509 31 JAN 71 
0160120CCOQ00U0 TPALO Ved 15 AS=509 31 JAN 71 
G1601300000U0UU00 TPALL 000 15 AS=509 31 JAN 71 
016014000U000909 TPA12 0600 15 AS=509 321 JAN 71 
01601509000u0990 TPAL3 2ce0 15 AS=509 31 JAN 71 
01601600U00UN 0000 TP°74) Oel 15 AS=-509 31 JAN 71 
016017130022016 BETAA 30438875D-01 0 AS=509 31 JAN 73 
016020771471742 C3A0 —10674269D 0626 AS=§09 31 JA 72 
0160€1771540262 C3Al1 -1¢6546070 0626 AS=509 31 JAN 73 
Y16U22771612650 C3A2 -1e632856D 0626 AS#509 31 JAN 71 
016023771653622 C3A3 -3e615982D 0626 AS=509 21 JAN 71 
016024000000U0D0 C3A4 0.0 26 AS=509 31 JAN 71 
016025000099009 C3A5 AS~50S 31 JAN 71 





OQ26C026-i 5 1090 N2e 
O1l1602 700 QUG VU 
0160300 JODGUNL2J 
OLOYUBL EQUINE oo 
O1lv 03200 S990"U FUG 
OLlL6O3I3SCISVIIC IVA 
0260934605 90CU0CU0 
0.60350. 20900009 
0160364990000 Vu 
0166403767+2132 
016941376666724 
01604, 376574762 
016045276524242 
016044600 40000929 
0160458 3999CCUL 2 
016046660 000509C9 
V1L60GTUVVUIL SUNN 
VlLEUSULUYVIOIGIU IO 
016051 .200C JNU) 
OlLENS2VIIILV ONS 
016053 09000GC00" 
016054090909uU909 
016055009000999 
916056000900V00)90 
016060535245152 
016061535300544 
0216062535233454 
016063535141262 
016064C90U00000 J 
0160650000U09U04u 
016066900000 IJLI9 
~16067990000900 
0160 7O00000000VN0 
01607190090090040 
016072U0000uU9U09 
016673090009390 
016074000000uUU) 
01600 750G2)0090IJu 
0160 76000900U009 
01610073206424U 
016101732V06526) 
016102732060604 
016103732071602 
LI6LOGVIOVYIVIVYD 
0161050096009000 
01610690000C9000 
— 026107000000009 
0151100090000U00 
C164410090U0U09 
016116 400000000 
U16* 14yQNUUUUNUL 
01611400000 09000 
0161 1)5V0000U0U0 
0161160000U0UN00 
01612037072245%4 
016121370774764 
016122371054: :° 
OlL61I233 71120714 
0161 2466000000000 
01612500U000V009 


C3A6 
C3A?7 
C3A8 
C3A9 
C3A1L0 
Z3AL]1 
C3A12 
C3A13 
C3A14 
COSAO 
COSA1 
COSA2 
COSA3 
COSAG 
COSA5 
COSA6 
COSA7 
COSA3 
COSA9 
COSAi0O 
COSA,i 
COSA12 
CCSA13 
COSA1LS 
RASAO 
RASA] 
RASA2 
ASA3 
RASAG 
RAS‘5 
RASA6 
RASAT 
RASA8 
RASA9Y 
RASA1O 
RASA11 
RASAIL2 
RASA13 
FASA1LS 
DECAC 
DECA] 
CECA2 
DECA3 
DECAS 
DECAS 
DECA6 
DECA7T 
DECAS 
DEC*® 
DEC-..U 
DECAL] 
Deck 2 
DEC., 3 
DECA]I 
ENAO 
ENAI 
ENA2 
ENA3 
ENAS 
ENAS 


a 


de 

009 

Je 

Oe) 

020 

‘000 

009 

Je 

200 
9e9586620°U1 
96955362D0=J)1 
9<.<75U94] D1 
9e947839D01 
Jev 

Cet 

Jal 

Ve 

eG 

JQeV 

Ve 

Ved 

Ve 

200 

020 
—~603545830=-01 
—-6 20352486001 
—-62355317TD-01 
—-6 e359 7610-01 
Vel 

369 

QeD 

009 

Je0 

0209 

VeV 

Jed 

OeV 

Jed 

Je’ 
—-10480384D0-01 
~1e48V3U5bD-J1 
~10480655D-01 
—-12479969D-01 
Ved 

000 

900 

Ye 

Oe 

Jed 

Ued 

Oe) 

Q-’. 


~ were ldeQl] 
9e' 2633200] 
927299370=-0)] 
9¢7327350-0] 
020 
020 


228 


coacnmcocoococcce 


Cc 


oOooococooauwcoccococccccececooooooooooccc.¢e 


AS=599 
AS~509 
AS59099 
AS=509 
AS=509 
AS=509 
AS=-509 
AS59099 
AS=5uU9 
AS-509 
AS~509 
AS=-599 
AS-599 
AS-509 
AS=509 
AS="599 
AS~5909 
AS=509 
AS~509 
AS=509 
AS=509 
AS~599 
AS=~509 
AS=-5)29 
AS=509 
AS-509 
AS-599 
AS7509 
AS-599 
AS=-599 
AS=509 
AS=-599 
AS-5C9 
AS~599 
AS~509 
AS-599 
AS=-599 
AS=509 
AS59099 
AS75099 
AS50909 
AS=-539 
AS=509 
AS~599 
AS=-509 
AS~509 
AS-509 
AS*509 
AS=-509 
AS-509 
AS~509 
AS=509 
AS=-509 
AS=509 
AS=599 
AS=509 
AS=-509 
AS=-509 
AS=509 
A$=-509 


JAN 
JAN 
JAN 
JAN 
JAN 
JAN 
JAfe 
JAN 
JAN 
JAN 
JAS 
JA 
JAN 
JA 
JAN 
JARs 
JAN 
JAix 
JAM 
JAN 
JAN 
JAN 
JAN 
JA 
JAN 
JAN 
JA 
JAN 
JAN 
JAN 
Jail 
JAN 
JAC 
JAN 
JAN 
JAN 
JAN 
JAN 
JAN 
JAN 
JAN 
JAN 
JAN 
JAN 
JAN 
JAN 
JAN 
JAN 
JAN 
JAN 
JAN 
JAN 
JAN 
JAN 
JAN 
JAN 
JAN 
JAN 
JAN 
JAN 


ma gg a a a a a re 





OL6L26UC 8 VU IVIGE 
OL61L2 7000000000 
016130U0000004 2 
Q016131000090V0000 
Veda devuvveuvere 
016233000U000U00 
01613400000VUU0U00 
016135000VUU0N0 
0161 360000004NU0 
01614900900009000 
0161410537146240 
016142124145516 
016243153301374 
01614400VJV000000 
016145VN00UNU000U0 
0161460009909090 
O16147CO0LI0CVVU)D 
016150009 0UUUUUL 
9161510000CI)90uU9 
0161520000000C4 
026.53000000009 
0161£490C9000U0003 
016155909909000045 
016156000209000 
016157126346372 
016160771547772 
01616177162461l2 
016162771704622 
016163771751352 
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TABLE 21 


SUMMARY OF AS-509 B-/ TAPES 


Launch Date Azimuth/ (File) Tape Number * 
1/31/71 72.0669/(1-9) 39446 
1/31/71 80.0085/(1-9) 33633 
1/31/71 88 .0308/ (1-9) 32289 
1/31/71 95 .9984/(1-9) 7240 


All tapes contain data from boost to TLI + 150 seconds 
including both opportunities. Each tape is arranged 
according to the following format: 


File 1] Boost data; S-IC 

File 2 Boost data; S-II 

File 3 Boost data; S-IVB first burn 
File 4 EPO first opportunity 

File 5 TLI first opportunity 

File 6 Post-TLI first opportunity 
File 7 EPO second opportunity 

File 8 TLI second opportunity 

File 9 Post-TLI second opportunity 


* These are copies of the ones given in Reference l. 
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TABLE 2] (Continued) 


SUMMARY OF AS-509 PRESET AND TRIM TAPES FOR THE JANUARY 31 LAUNCH 


MSFC Tape Number Comments 
33515 PRESET 
37382 TRIM 
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TABLE A-2 


KEY EVENT NOMENCLATURE 


[Trintout Symbol 


TB1 

Mach 1 

Max Q 

S-IC CECO 

S-IC OECO 

TB3 

S-IC/S-II Sep 
S-II Engine Start 
S-II Mainstage 
Initiate IGM 
S-II CECO 

S-II OECO 

TB4 

S-II/S-IVB Szperation 
S-IVB Engine Start 
S-IVB Mains cage 
S-IVB Ullage Jett 
S-IVB GCS1. 

TBS 

EPOI 

TB6 

02/H2 Burner On 
E8 Engine Off 
Ullage Ignition 
J-2 F-L Ini 


Trajectory Key Event 


Time Base l 

Mach One 

Maximum Dynamic Pressure 
S-IC Center Engine Cutoff 
S-IC Outboard Engine Cutoff 
Time Base 3 

S-IC/S-II Separation 

S-II Engine Start 

S-II Engine Mainstage Thrust 
Initiate IGM 

S-II Center Engine Cutoff 
S-II Outboard Engine Cutoff 
Time Base 4 

S-II/S-IVB Separation 

S-IVB Engine Start 

S-IVB Engine Mainstage Thrust 
S-IVB Ullage Rocket Jettison 
S-IVB Guidance Cutoff Signal 
Time Base 5 

Earth Parkirg Orbit Insertion 
Time Base 6 

Helium Heater On 

E8 Engine Off 

APS ULlage Ignition 

J-2 Fuel Lead Initiated 


TABLE A-2 
KEY EVENT NOMENCLATURE 


Printouc Sv bol Trajectory Key Event 

U11 Cutoff Ullege Cutoff 

Reign S-IVB Reignition 

90% Thrust S-IVB Engine Mainstage Thrust 
IGM Ini IGM Initiate 

GCS2 S-IVB Guidance Cutoff Signal 
Tr-t Translunar Injection 

End of Voast Ead of S-IVB Coast 
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APPENDTX B 


TABLE B-1 
DEAD STAGE TRAJECTORY PARAMETER DEFINITIONS 


Printed 
Symbol Units Definition 


Geocentric Reference 


x lan Position vector components. 

Y kam 

Z km 

DX lon/sec Velocity vector components. 
DY km/sec 

NZ km/sec 

R km Position vector magnitude .* 
DEC deg Declination.* 

RA deg Right ascension.* 

V km/sec Velocity vector magnitude.* 
PTH deg Flight-path angle.* 

AZ deg Azimuth.* 

ALT km Altitude .** 

LAT deg Latitude .** 

LON deg Longitude .** 

VE km/sec Relative velocity vector magnitude .** 
PTE deg Relative flight-path angle .** 
AZE deg Relative azimuth.** 


* Inertial geocentric polar coordinates. 
sx Rotational geodetic pelar coordinates. 


Planetary Coords 


XM km Components of the moon position 
YM km vector (Geocentric). 
ZM km 


Bel 


DES 


1 
2 


Units 


km/sec 


kan/ sec 
knn/sec 


km 

deg 
deg 
deg 


km/sec 


deg 


km 
km 
km 


deg 
deg 


deg 


ZABLE B-1 


DEAD STAGE TRAJECTORY PARAMETER DEFINITIONS 


Definition 


Components of moon velocity 
vector (Geocentric. ) 


Radius vector iapnttades: 
Declination. 2 

Right ascension. 

Right ascension of moon wrt the 
Greenwich meridian. 2 9 
Velocity vector magnitude. 


Greenwich hour angle. 


Position vector components of 
the sun (Geocentric). 


Right ascension.” 

Right ascension of the gun wre 
the Greenwich meridian. 
Declination.3 


Geocentric polar coordinates of the moon. 
Geocentric polar coordinates of the sun. 


Keplerian Osculating Elements 


SMA 


ECC 


INC 


RP 


km 


deg 


deg 


deg 


Semi-major axis. 
Eccentricity. 


Inclination of vehicle flight plane to 
the earth's MNBY equatorial plane. 


Right ascension of ascending node. 
Argument of pericenter vector. 


Radius at pericenter. 


TABLE 3-1 (CONTINUED) 
DEAD STAGE TRAJECTORY PARAMETER DEFINITIONS 


Printed 
Symbol Units Definition 
VH km/sec Excess hyperbolic velocity for a hyperbola 
or the current escape velocity deficit for 
an ellipse. 
RNMP deg Right ascension of ascending node measured 
from the X-axis of the EMP coordinate system. 
APMP deg Argument of pericenter vector relative to 
the earth-moon plane. 
INMP deg Inclination of the vehicle relative to the 
earth-moon plane. 
APO km Apocenter radius. 
TFP hr Time from lift-off to pericentric passage. 
TA deg irue anomaly. 
EA deg Eccentric anomaly. 
MA deg Mean anomaly. 
SLR km Semilatus rectum. 
PER hr Period. 
MTA deg Maximum true anomaly. 


Unit Vectors 


WX Components of the unit angular momentum 
WY vector of the flight plane. 

WZ 

PX Components of unit pericenter vector. 
PY 

PZ 

QX components of the unit velocity vector 
QY at pericenter. 

QZ 


B-3 


TABLE B-1 (CONTINUED) 
DEAD STAGE TRAJECTORY PARAMETER DEFINITION 


XTB 
YTB 
ZTB 


DXTB 
DYTB 
DZTB 


XT 
YI 
ZI 
DXT 
DYI 
DZI 
DDXTI 
DDYT 
DDZI 
RTB 
RDTB 


ACC 


2-Body and XI Terms 


kmn/sec 
km/sec 
km/sec 


kan / sec, 
km/sec, 


kaa/sec 


km/sec 


kan see7 


Printed 

Symbol i.s Definition 
SXO Components of unit vector of 
SYO outgoing asymptote. 
SZO 


Vehicle position vector components 
based on the two-body reference 
conic. 

Vehicle velocity vector components 
basea on the two-body reference 
conic. 

Components of vehicle position 
vectcr. 


Components of vehicle velocity 
vector. 


Components of vehicle acceleration 
vector. 

Two-body position vector magnitude. 
Two-body velocity vector magnitude. 


Magnitude of vehicle acceleration vector. 


TABLE B-1 (CONTINUED) 
DEAD STAGE TRAJECTORY PARAMETER DEFINITIONS 


Printed 
Symbol Units Definition 


Perturbation Accelerations 


SPX km/sec, Components of acceleration vector 

SPY km/sec, due to the presence of non-central 

SPZ km/sec bodies. 

ENX km/sec’ Central-hody acceleration vector 

ENY km/sec, components (Cowell) or Encke 

ENZ km/sec acceleration. 

DGX km/sec’ Atmospheric drag acceleration 

DGY km/sec, vector components. (Not used) 

DGZ km/sec 

ATX kn/sec2 Thrust acceleration vector 

ATY km/sec, components. 

ATZ km/sec 

TRX km/sec’ Moon non-spherical potential 

TRY km/sec acceleration vector components 

TRZ km/sec (printed only if the moon is 
vefererce body). 

OBX km/sec, Earth non-spherical potential 

OBY km/sec, acceleration vector components 

OBZ km/sec (printed only if the earth is 


reference body). 


Selenocentric (Vehicle) Reference 


kn 
kn 
k:: 


Position vector components. 


Printed 


Symbol 


DX 
DY 
DZ 


R 
DEC 


RA 
V 
PTd 
AZ 
1 


Units 


km/sec 
km/sec 
km/sec 


lan 
deg 
deg 
km/sec 
deg 
deg 


TABLE B-1 (CONTINUED) 
DEAD STAGE TRAJECTORY PARAMETER DETINITIONS 


Definition 


Velocity vector components. 


Radius vector magnitude. + 


Declination. 

Right ascension. | 

Velocity vector magnitude. * 
Flight-path angle. 

Azimuth. 1 


Inertial selenocentric polar coordinates. 


Se lenographic (Vehicle) Reference 


N <x 


LTS 
LN 


LTE 
LNE 


DSMP 
RSMP 


km 
km 
km 


km/sec 
km/sec 
km/sec 


km 
deg 
deg 
km/sec 
deg 
deg 


deg 
deg 


deg 
deg 


deg 
deg 


Selenographic position vector 
components. 


Selenographic velocity vector 
components. 


Altitude. 

Latitude. 

Longitude. ¢ D 
Relative velocity vector magni ture. 
Relative flight-path angle. 

Relative azimuth. 2 


Latitude Selenographic 
Longitude Subsolar point 
Latitude Selenographic 
Longitude Subearth point 


Sun's location wrt 
EMP coordinate system 


Dec Lination 
Right Ascension 


2 Selenographic polar coordinates. 


TABLE B-1 (CONTINUED) 
DEAD STAGE TRAJECTORY PARAMETER DEFINITIONS 


2rinted 
Symbol Units Definition — 
LIN deg Selenographic inclination of the 
vehicle flight plane. 
LAN deg Selenographic longitude of 
acending node. 
LAP deg Selenographic argument of 


periapsis. 
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